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Substituted Imidazopyrldines

Held of the Invention

This invention relates to iratdozopyridine compounds that have substituted amine

5 functionality at the 1 -position, and to pharmaceutical compositions containing such

compounds. A further aspect of this invention relates to the use of these compounds as

immunomodulators, for inducing cytokine biosynliu^is in animals, and in the treatment of

diseases, including viral and neoplastic diseases.

10 Backfiroundofthe Invention

The first reliable report on the i//'imidazo(4,5-c]quinohne ring system, Backman

et al., J. Org. Chem . 15. 127$-1284 (19S0) describes die synthesis of l-<6-methoxy-8-

quinolinyl)-2-methyl-l/f-imidazo[4,5-c)quinoHnc for possible use as an antimalarial

agent Subsequently, syntheses of various substituted l//-imidazo[4,5-c] quinolines were

15 reported. For example, Jain et al., J. Med. Chem. 11, pp. 87-92 (1 968), synthesized the

compound l-[2-{4-piperidyI)ethyI]-l/Mmidazo[4,5-i:]quino!inc as a possible

anticonvulsant and cardiovascular agent. Also, Baranov et al, Chem. Abs. 85, 94362

(1976), have reported several 2-oxoimidazo[4,5-c]quinolines. and Berenyi ctal., J.

Heterocyclic Chem. 1 8, 1 537- 1 540 ( 1 9S
1 ), have reported certain 2-oxoimidazo[4,5-

20 cjquinolines.

Certain l//-imidazo[4,5-cjquinolin-4-amines and 1- and 2-substituted derivatives

thereof were later found to be useful as untiviral agents, bronchodilators and

immunomodulators. These are described in, inter alia, U.S. Patent Nos. 4,689,338;

4.698348; 4,929,624; 5,037,986; 5,268,376; 5.346.905; and 5.389,640, all of which are

25 incorporated herein by reference.

Substituted l//-imidazop\'ridine-4-amine compounds useful as immune response

modifiers are described in United States Patent Nos. 5,446,153; 5.494,916; and 5,644^063.

The compounds described in these patents do not have amine containing substitution at the

1- position. Certain lW-im!dazo[4,5-cJquinolin-4-araines that have amide, sulfonamide,

30 and urea functionality al (be 1 -position are described in PCT PublicationsWO 00/76505,

WO 00/76518 and WO 00/76519.



Despite these recent discovehes of oomponds trtal are useful as invnune

response modfiors, there is a continuing need for oompounds tnat have the abilsty to

moduJate the immune response, by induction ol cytokine biosynthesis or other

mechanisms.

The discussion of the background to Ihe invention hercr is included to explain

the context of the inventiorL This is not to be taken as an admission that any of trie

malertal refarrad to was pU)rtshed. known or part of the common general knowledge in

Australia as at the priority date of any of the daims.

Throughout the description and dairas of the spedTcation Ihe wd 'comprise*

and vaiiations of the ¥«rd. such as 'compnsng* and 'eonprises*. is not Intended to

exduoe other additives, oomponerus. integers or steps.

Summary ol the tnveirtion

We have found a new dass of compounds that are useful in inducing cytokine

biosynthesis in aninBls. AoconSng^, this inverttion provides imidazopyridine-4-a(rine

compounds that have a subslituied amim bmctonalfey at the 1-posltton. The

oompounds wNdi have been found to be usebil IndtKeis of cytokine biosynthesis are

defined by Formuia (I), wtiidi is described in more detail iofrs. Formula (I> is as tanows:

wherein X, Y. Z. R:. R,. Rj. R4, and Rj are as defined herein.

The compouiuts of Farmuta (I) are useful as imnuine response modiiiers liite to

ttwir 3t>iiiy to nduce cytokine biosymhesis and othenvise modulate the immune

response when administered to animals. This makes the compounds useful in the

treatment of a variety of conditions such as viral <feea&es arxl tumors ttut are

responsive to sudi changes in the ffnmune resportse.

The inventkm lijriher provides pharmaceutical compositions containing the

immune (BSponse modifying compounds, and methods of inducing cytokiine

biosymhests in an animal, treating a viral bifedton in an animat, anttfor treating 9

neoplastic disease in an animal bf admfaiisteiing a compound of Formula (I) to the

30 to addidon, the nvention providas meDnds of syiitfiesizing Ihe oompounds ol

the irwendon and fntormediates useftH in Ihe synthesis of these oompounds.

-A-
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Detailed Pcscription of the Invention

As mentioned earlier, we have found that certain compounds induce cytokine

biosynthesis and modify the immune response in animals. Such compounds are

represented by Formula (I) below:

wherein X is alkylene or alkcnylene;

Y is -CO-, -CS-, or -SOi-;

Z is a bond, -0-, -S-, or -NRr-;

Rj is aryl, heteroan'l, heterocyclyl, C1.20 alkyl or

C2J0 alkenyl, each ofwhich may be unsubstituted or substituted by one or more

substituents independently selected from the group consisting ot

-alkyl;

-alkenyl;

-aryl;

-heteroatyl;

-heterocyclyl;

-substituted cycloalk\'l;

-0-aUcyl;

-0-(alkyl)o-raiyl;

-0-(a\ky])o. 1-heteioary1

;

-0-(alkyl)o.i-heterocyclyl;

-COOH;

-CO-O-alkyI;

-COalkyl;
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-S(0V2-aikyi;

-S(0)o.2-<ancyl)o.i-ar>l;

-S(0)o.2 -(alkyl)o-i -bcteroaiyl;

-S(0)o.2-(alkyl)o-i-hctcrocyclyl;

-(aIkylVi-N(R3)2;

-{alkyl)o-rNR5-CO-0-a!kyl;

^aikylVrNRs-CO-alkyl;

•<aIkyl)».i-NR4-C0-aiyl;

-(alky])o.rNR5-CObeten»iyl;

-Kj;

-halogen;

>halo2lkyl;

•haloalkoxy;

•CO-haloalkyI;

-CO-haloalkoxy;

-NO::

-CN;

•OH:

•SH; and in the case of alkyl, alkenyl, and heterocyclyl, oxo;

Ri is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-alkyl-O-alkyI;

-alkyl-S-aikyl;

-a!lcyl-0-ar)'l;

-atkyl-S-aiyl;

-alkyl-O- alkenyl;

-alkyI>S- alkenyl; and

•atkyi or alkenyl substituted by one or moie substituents selected

from the group consisting of:
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-OH;

•halogen;

-C0-N(Rf)2;

-NR5-CO-C1.10 alkyl;

-NR5-CS-Ci,ioalk>l;

-NR5-SO2-C1.10 alkyl;

10 -CO-Ci.io alkyl;

-CO-O-Ci.io alkyl;

.-N3;

-atyl;

-heteroai>'];

15 -heterocyclyl;

-CO-ar>l; and

-CO-hclcroaryl;

R3 and are independently selected from.the group consisting of alkyl,

alkeny), halogen, alkoxy, amino, alkylamino, dialkylamino and alkylthib; and

20 each Rs is independently H or Ci.io alkyl;

or a pharmaccutically acceptable salt thereof.

Preparation ofthe Compounds

Compounds of the invention can be prepared according to Reaction Scheme I

25 where Ri, R2. Rj, R4, Rj, X, Y and Z are as defined above, Bn is bcnz>I and R* is alkyl of

one to four carbon atoms, perftuoroalkyl of one to four carbon atoms, phenyl, or phenyl

substituted by halogen or alkyl ofone to four caibon atoms.

In step (1) ofReaction Scheme i a 3-mtropyTidme-2,4-disulfonate of Formula X is

reacted with an amine ofFormula Ri-Z-Y-N(R5)-X-NH2 to provide a 3-mtro-4-

30 aminopyTidine-2-sulfonate of Formula XI. Due to the presence oftwo sulfonate gioups

that could in principle be displaced, the reaction may provide a mi.xture ofproducts that

can be readily separated using conventional techniques such as column chromatography.

-7-
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The rsacticn is preferably carried out by adding the amine to a solution ofa compound of

Formula X in a suitable solvent such as dicUonnnethane in the presence ofa teitiary

amine such as tricthylamine. As the sulfonate group is a relatively facile leaving group,

the reaction can be run ai a reduced temperature (0*C) in order to decrease die amount of

5 undesired 2-aminated and 2,4-diaininated side products. 344ttropyTidine-2,4-dtsulfonates

are known and can be readily prepared using known synthetic methods, see for example,

Lindstom ct al., U.S. Patent No. -5,446.153 and the references cited therein.

bi step (2) of Reaction Scheme I a 3-Ditro-4-ammopyridiae-2-sa!fonate ofFormula

XI IS reacted with dibenz>'lamine to provide a 2-diben2ylainino-3-nitropyridin-4-amine of

10 Fonnula XI 1. The reaction is carried out by combining a compound of Formula XI

,

dibenzylamine, and a tertiary amine such as triethylamine in an inert solvent such as

benzene, toluene or xylene and heating the resulting mixture.

In step (3) of Reaction Scheme I the nitro group of a 2-dibenzylamino-3-

nitropyridin-4-amine of Formula XII is reduced to an amino group. The redocdon is

1 5 preferably carried out using NiBi which is generated in situ from sodium borohydride and

nickel chloride hydrate in methanol. The reaction is preferably carried out at ambient

temperature.

In step (4) of Reaction Scheme 1 a 2-dibenzylarainopyridine-3,4-diamine of

Formula XIII is reacted with a carboxylic acid or an equix-alent thereof to provide a 4-

20 dibenzylamino- 1 //-imidazo[4,5-c]pyridine of Formula XV. Suitable equivalents to

carboxylic acid include orthoesters and 1,1-dialkoxyalkyl olkanoates. The carboxylic acid

or equivalent is selected such that it will provide the desired Ri substituent in a compound

ofFormula XV. For example, triethyl oithoformaie will provide a compound where Rj is

hydrogen and triethyl orthoacetate will provide a compound where R2 is methyl. The

25 reaction can be run in the absence of solvent 01 in an inert solvent such as toluene. The

reaction is run with sufficient heating to drive offany alcohol or water formed as a

byproduct of the reaction. Optionally a calUyst such as pyridine hydrochloride can be

inchided.

Alternatively a compound of Fonnula XV can be prepared in wo steps by (a)

30 reacting a diamine ofFormula XIII with an acvl halide offormula RiC(0)Cl or R2C(0)Br

to pro\ide a compound ofFormula XTV and then (b) cyclizing. In step (4a) the acyl halide

is added to a solution of the diamine in an inert sohent such as acetonitrile, pyridine or

-8-
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dichloromethane. The reaction can be carried out at ambient teniperature. In step (4b) the

product of step (4a) is heated In an atcoholiu solvent in the presence of a base. Preferably

the product of step (4a) is refhixod in ethanol in the presence of an excess of triethylamine

or heated with methanolic ammonia. Alternatively step (4b) can be earned out by heating

5 the product of step (4a) in p>Tidine. If step (4a) was carried out in p^Tidine, step (4b) can

be carried out by heating the reaction noixture after analysis indicates that step (4a) is

complete.

In step (5) of Reaction Scheme I a 4-dibenzyIamino-l//-imidazof4,5-cJpyridine of

Formula XV.is hydrogenolyzed to provide the 4-amino-l/f-imidazo[4,5-c]pyridine of

10 Formula 1. Preferably the compound ofFormula XV is heated iu formic acid in the

presence of palladium hydroxide on carbon. The product or a phamiaceutically acceptable

salt thereof can be isolated using conventional methods.

7

-9-
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ReacdfHi Schone I

S

-10-
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Compounds of the inventioji can be prepared according to Reaction Scheme 11

where Ri, Rj, R3, R4, R5 and X are as defined above, Bn is ben^t, BOC is tert-

butoxycarbonyl and W is 0 or S.

In step ( 1 ) of Reaction Scheme II the amine protecting groups ofalH-

5 iin)dazo[4,5-c]pyridine of Formula XVI are removed to provide a l//-imidazo[4,5-

cJp>Tidinc of Fonnula 11. Preferably a solution ofa compound ofFonnula XVI in 0

suitable solvent such as dichloromethane is treated with tiiflic acid at ambient temperature.

Compounds ofFormula XVI can be prepared using the synthetic method described in

Reaction Scheme 1. Tn step (I) a 2,4-disulfoDate ofFormula X is reacted with an amme of

1 0 formula BOC-NR5-X-NH3. Steps 2-4 arc then carried out as described above to provide a

compound ofFormula XVI which is a subgenus of Formula XV,

In step (2a) of Reaction Scheme 11, a l/f-imidazo[4,5-c)pyridine ofFonnula II is

reacted with an acid chloride of formula R|-<r(0)Cl or an acid anhydride of formula Rj-

C(OpC(0)-Rj to provide a lif-imida2o[4,5-c]pyridin-l.yJ amide ofFonnula XVII which

15 is a subgenus ofFormula I. The reaction is preferably carried out by adding the acid

chloride or acid anhydride to a solution ofa compound ofFormula 11 in a suitable solvent

such as dichloromethane or acetonitrile in the presence of a base such as trieihylamine.

The reaction can be run at a reduced temperature {(fC) or at ambient temperature. The

product or a pharmaceutically acceptable salt thereofcan be isolated using conventional

20 methods.

In step (2b) of Reaction Scheme II, a I/f-imidazo[4»S-c]pyridine of Formula II is

reacted with an isocyanate of formula RrN=C=0 or with an isothiocyanate of formula Ri-

K^C^S to provide a 1 Af-imidazo[4,5-c]pyridin-l-yl urea or thiourea of Formula XVIII

which is a subgenus ofFormula I. The reaction is preferably carried out by adding the

25 isocyanate or isothiocyanate to a solution of a compound ofFormula II in a suitable

solvent such as dichloromethane at a reduced temperature (O^C). The product or a

phannaceutically acceptable salt thereofcan be isolated using conventional methods.

In step (2c) of Reaction Scheme 11, a I//-iniidaz)o[4,5-clpyridine of Foimula U is

reacted with a sulfonyl chloride of formula RrS(0)2CI or a sulfonic anhydride of fonnula

30 RrS(0)iOS(0)2-Ri to provide a l/f-imida2o[4,5-c]pyridin-l-yl sulfonamide of Formula

XIX which is a subgenus ofFormula I. The reaction is preferably cairicd out by adding

the sulfonyl chloride or sulfonic anhydride to a solution ofa compound of Formula II in a

-11-
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suitable j»lveiit such as dichlommethane tn the piesence ofa base such as trietfaylamme.

Tlie reaction can be run at a reduced temperature {HfC) or at ambient temperature. The

product or a phannaceudcally acceptable salt thereofcan be isolated using conventional

methods.

5 Reaction Scheme U

N(Bn),

I

(2b)

XVII I XVIII

Compounds of the invention can be prepared according to Reaction Scheme Ul

10 where R|, R?, R3, R4. R* and X, are as defmed above.

In step (1) of Reaction Scheme III a l//-imida7o[4,5-c]pyridine of Foraiula 11 is

reacted with a sulfamoyl chloride of formula Ri-N(R5)S(0):Ci to provide a \H-

hnidazo[4,5-€]pyridin-l-yl sulfamide ofFormula XXI which is a subgenus ofFormula L

Preferabh' the stilfamoyl chloride is added to a solution of the compound ofFormula II in

1 5 a suitable solvent such as 1 ^-dichiorocthane in the presence ofa base such as

triethylamine. The reaction can be run at an e]e\'ated temperature. The product or a

pbarmaceutically acceptable salt thereof can be isolated using conventional methods.

10

-12-
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Alternatively a sulfamidc ofFormula XXI can be prepared in two steps by (a)

reacting a l//-iinidazo[4,5-c]pyridinc of Formula 11 with sulfuryl chloride to generate in

sitit a sulfamoyi chloride ofFormula XX and then (b) reacting tlie sulfamoyl choride with

an amine of formula RrN(R5)H. In step (1 a) the reaction can be carried out by adding a

5 solution of sulfiiryl chloride in dichloromethane to a solution of a compound of Formula n

in the presence of 1 equivalent of4-(dimethylaniino)pyridine. The reaction is preferably

carried out at a reduced temperature (-TST). Optionally, after the addition is complete the

reaction mixture can be allowed to warm to ambient temperature. In step (lb) a solution

contaiiung 2 equivalents ofK|-N(Rs)U and 2 equivalents of triethylamine in

10 dichloromethane is added to the reaction mi.xmrc from step (la). The reaction is

preferably canried out at a reduced temperature (-/ST). The product or a pharmaceutically

acceptable salt thereof can be isolated usmg conventional methods.

Reaction Scheme in

15

il

-13-
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Compounds of the invention can be prepared according to Reaction Scheme IV

where Ri, R2* Ry, R4, Rs, andX are as defined above and BOC is /err-butoxycarbooyl.

In step (1) of Reaction Scheme IV 0 2,4-dihydroxy-3-nitropyridine oFFoimula

XXn is chlorinated using conventional chlorinating agents to provide a 2,4-dichIoio-3-

S ninopyiidine of Formula XXin. Preferably a compoinid ofFormtilaXXII is combined

with phosphorous oxychloridc and heated. Many 2.4-dihydroxy-3-mtropyridincs of

Formula XXH are known and others can be readily prepared using known synthetic

methods, see for example, tindstom et al., U.S. Patent No. 5,446,153 and the references

cited therein.

10 In step (2) of Reaction Scheme IV a 2,4-dichloro-3-miropyridine ofFormula XXIIl

is reacted with an anune of formula BOC-NR5-X-NH2 to provide a 2-chloiD-3-

nitropyridine of Formula XXTV. The rcactioD is preferably carried out by adding the

amine to a sohition ofa compound of Foimula XXII! in a suitable solvent such as KJ^-

dimethylformamide in the presence of a tertiary amine such as triethyiamtne.

15 In step (3) of Reaclion Scheme IV a 2-chIoro-3-nitTOpyridine of Formula XXTV is

reacted with phenol to provide a 3-nitro-2-phenox>'pyrtdine of Formula XXV. Phenol is

reacted ^ith sodium hydride in a suitable solvent such as diglyme to form die phenoxide.

The phenoxide is then reacted at an elevated temperature with a compound ofFoimula

XXIV.

20 In step (4) ofReaction Scheme IV a 3-mtro-2-phenox>pyiidine ofFormula XXV is

reduced to provide a 3-amino-2-phenoxypyridiae of Formula XXVI. Preferably, the

reduction is carried out using a conventional heterogeneous hydrogenation catalyst such as

platinum on carbon or palladium on carbon. The reaction can conveniently be carried out

on a Parr a^^aratus in a suitable solvent such as isopropyl alcohol or toluene.

25 In step (5) ofReaction Scheme iV a 3-ammo-2-phcnox>'pyridine of Formula XXVI

is reacted with a caiboxylic acid or an equivalent thereof to provide a 4-phcnoxy-l//-

inudazo[4,5-c]quinoline of Formula IV. Suitable equivalents to carboxylic acid include

orthoesters, and 1 ,l-dialkoxyalIc>i alkanoates. The carboxylic acid or equivalent is

selected .such that it >^'ill provide the desired R2 substimcnt in a compound ofFormula IV.

30 For example, triethyl otihoforroatc will provide a compound where R2 is hydrogen and

trimethyl orthovaleraie will provide a compound where R^ is butyl. The reaction can be

run in the absence of solvent or in an inert solvent snch as toluene. The reaction is run

12

-14-
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with sufficient heating to drive off any alcohol or ^'ater foimcd as a byproduct of the

reaction. Optionally a catalyst such as pyridine hydrochloride can be included.

Alternatively, step (5) can be carried out by (i) reacting a compound ofFormula

XX\'I with an acyl halidc of formula R2C(0)C1 or R2C(0)Br and then (ii) cyclizing. In

5 part (i) the acyl halide is added to a solution ofa compound ofFormula XXV in an inert

soh'ent such as acetonitrile» pyridine or dichloromethane. The reaction can be carried out

at ambient temperature. In part (ii) the product ofpart (i) is heated in pyridine.

In step (6) of Reaction Scheme IV the BOC group is removed from a compound of

FonnulB IV to provide 4'phenoxy-l//-imidazo[4,5-c]quhiol>ne of Formula V. Preferably

1 0 a solution ofa compound of Formula IV in a suitable solvent such as dichloromethane is

treated with trifluoroacctic acid or hydrochloric acid at a reduced temperature.

In step (7) ofReaction Scheme IV a 4-phenoxy-l/f-jmidazo[4,5-c]quinoline of

Formula V is converted to a 4-phenoxy-li/-imidazo[4,5-c]quinolin-l-yl sulfonamide of

Formula VI using tlie method of step (2c) of Reaction Scheme II.

15 In step (8) of Reaction Scheme IV 4-phcno.xy-l/Aimidazo[4,5-c]quinolin-l -yl

sulfonamide of Formula VI is aminated to provide a 4-amino-l//-imidazo[4,5-<:]quinoIm-

1-yl sulfonamide ofFormula XIX which is a subgenus ofFormula I. The reaction can be

carried out by combining a compound ofFormula VI with ammonium acetate in e sealed

tube and heatmg (-1 SO'C.). The product or a pharmaceutically acceptable salt thereofcan

20 be isolated using conventional methods.

13

-15-
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Reaction Scheme IV

The inveation also provides novel compounds useful as intermediates in the

s^Tiihesis of the compounds ofFormula I. These imennediaies have stiuctural Formulas

(II) - described in more detail below.
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15

20

One class of tntennediate compounds has Fonnula (U):

X is alkylcne oralkenylcne;

R2 is selected from the group consisting of:

-hydrogen; ,

-alkyl;

-alkenyl;

-alkyl-0-alkyl;

-alkyl-S-alkyl;

-alkyl-O-aiyl;

-alkyl-S-aiyl;

-alkyl-O-alkenyl;

-alkyl-S- alkenyl; and

-alkyl or alkenyl substituted by one or more substituents selected

from the group consisting of:

-OH;

-halogen;

-CO-N(R5)2:

'-CS-N(R5)3;

-SOrN(R5}2;

-NR5-C0-C|.toalk>1;

-NRs-CS-Ci-jo alley!;

(ID

5

15
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-NR5-SOrCr-ioalky1;

•COCmo alkyl;

-CO-O-Cnoalkyl;

-N3;

5 -aiyl;

-heteroai>i;

-hctcrocyclyl;

CO-ai>'I; and

•COheteroaryl;

10 Rj and R4 arc independently selected from the group consisting of alk)*!,

alkenyl. halogen, alkoxy, amino, afltylamino. dialkj'Iamino and alkylthio; and

each Rs is independently H or C\.\o alkyl;

OT a phaimaceutically acceptable salt thereof.

1 5 Another class ofintennediates has the Fonnuta HI:

(in)

20 wherein: QisN02orNH2;

X is alkj'lene or alkenylene;

R3 and R4 are independently selected from the group consisting of alkyl,

alkenyl, halogen, alkoxy, amino, alkylamino, dialk>'lamino and alkylthio; and

each Rs is independently H or Ci.io alkyl;

25 or a phaimaceutically acceptable salt thereof.

16
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Another class of intermediates has the Formula {IV):

{IV)

wherein: X is alkylene or alkenylene;

Ri is selected irom the group consisting of:

-hydrogen;

-alkyi;

-alkenyl;

-alkyl-O-alkyl;

-alkyl-S-alk-yl;

-aIkyl-0-aiyl;

-alkyl-S-an'l:

-alkyl-0-aIkcnyI;

-alkyl-S- alkenyl; and

-alkyi or alkenyl substituted by one or more substituents selected

from the group consisting of:

-OH:

-halogen;

-CS-N(R;)2;

-SOrN(R5)2;

17
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-NR5-CX)-C|.ioalk>l;

-NR5-CS-C,.ioaIl^;

-NR3- S02-C|.joalkyl;

-CO-Ci-io alky!;

CO-0-Ci.ioa!kyf;

-N3;

-aiyl;

-hftteroaiyl;

-hctcrocyclyl;

-CO-aiyl; and

•CO-hcteroaiyl;

Rj and R, arc independently selected from the group consisting of alkyl,

alkeny], halogen, alkoxy, amino, alkylamino, dialkylamino and alkylthio; and

each Rj is independently H or C|.|o alkyl;

or a (dmrmaceutically acc^table salt thereof

Another class of intennediates has the Fonnula (V):

R2 is selected from the group consisting of:

-hydrogen;

(V)

wherein: X is alkylcne or alkenylcnc;

-aJkyl;

18
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-alkcnyl;

-alkyl-O-alkyH

-alkyl-S-alkyl;

-alkyl-O-aryl:

-alkyl-S-aiyl;

-alkyl-0- alkenyl;

-alkyl-S- alkenyl; and

-alky! or alkenyt substituted by one or more substituents selected

from the group consisting of:

-OH;

-halogen;

-CS-N{R5)2;

. -SCh-N(R5)2;

-NRs-CO-Ci-ioalkyl;

-NRs-CS-Ci-ioalkyl;

-NRs-SOz-CMoalkyI;

-CO-Ci-ioalkyl;

-CO-O-Cj.io alkyl;

-N3;

-atyl;

-heteroarj'l;

-heterocyclyl;

-CO-aryl; and

-CO-hetcToaiyl;

R3 and R4 are independently selected from the group consisting of alkyl,

alkenyl, halogen, alkoxy, amino, alkylamino, dialkylamino and alkjithio; and

each Rs is independently H or Cmo alk7l;

or a pharmaceutically acceptable salt thereof.

19
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Another class of inteimediaCes has the Fonnula (VI):

(VI)

wherein: X is alkytene or alkenylene;

Ri is aiyl, heteroaiyl, helerocyclyl, C|.jo alkyl or

C: alkenyl, each of which may be imsubstitutcd or substituted by one or more

substituests independentty selected from die group consisting of:

-alkyl;

-alkenyl;

-ao'I;

-beteroaiyl;

-hctcrocyclyl;

-substituted cyc!oalk>i;

-O-alkyl;

.0-{alk>1Vr-ar>'l;

-0-(alk7l)o. i-heteroai:>'I;

-0-(afl«>l>>-i-lwtcrocyclyl;

-COOH;

-CO-0-alkyl;

-CO-alkyl;

-S(0)o.: -alkyl;

-S(0)o.2-(alkyl)o-raryl;

20
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-8(0)0.2 -(alkyl)o.i-heteroatyl;

-S(0)o.2-(allc>l)o.rheteroc>'clyl;.

-(alkyl)o.i-N(R3)2;

-(alkyl)o-rNR5-CO-0-alky1;

5 -(aIkyl)o.rNR3-CO-alk>'l;

-(alkyl>|.i-NR3-C0-ai>'I;

-(alkylVi-NRj-CO-heteroatyl;

-N3;

-halogen;

10 -haloalkyl;

-haloalkoxy;

-CO-iialoalkyl;

-CO-haloalkoxy;

-NO2;

15 -Oi;

-OH;

-SH; and in the case of alkyl, alkenyl. and heterocyclyl, 0x0;

Ri is selected from the group consisting of:

-hydrogen;

20 -alkyl;

-alkenyl;

-alkyl-O-alkyl;

-alfcyt-S-alkyl;

-a!kyl-0-fliyl;

25 -alkyl-S-aryl;

-alkyl-0- alkenyl;

-alkyl-S- alkenyl; and

-all^'l or alkenyl substituted by one or more substituents selected

from the group consisting of:

30 -OH;

•halogen;

-N(Rs)2;
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5

-SO:-N(Rj)2;

-^FRs-CO-Cl.loaIkyl;

-NRs-CS-C|.iooIkyl;

-CO-C|.io alkyl;

-C(M)-C|.ioalkyl;

10 -aiyl;

-hctcroaiy!;

-hetcrocyclyl;

-CX)-aiyl; and

-CO-heteroaryl;

IS Ri and R4 are independently selected from the group consisting ofalk>l,

alkenyl, halogen, allcoxy, amino, alkylamino, dialkylamino and alkytthio; and

each Ks is independentfy H orCi.io alkyl;

or a phannaceuticaUy occeptable salt thereof.

20 As used herein, the terms "alkyP, "alkenyl" and the prefix "alk-" arc inchisive of

both straight chain and branched chain groups and ofcyclic groups, i.e. cycloaIk>'I and

cycloalkenyl. Unless otherwise specified, these groups contain from 1 to 20 carbon atoms,

with alkcnyl groups containing from 2 to 20 carbon atoms. Preferred groups have a total

ofup to 1 0 carbon atoms. Cyclic groups can be monocyclic or polyc>xlic and preferably

25 have from 3 to 1 0 ring caibon atoms. E.\emplary cyclic groups include cj'clopiopyl,

cyclopentj'l, cyctohexyl, cjxlopropylmethyl, and adamantyl.

The term "haloalkyl" is inclusive of groups that are substituted by one or more

halogen atoms, including perfluorinated groups. This is also true of groups that include

the prefix 'lialo-". E-xamples ofsuitable haloalkyi groups are chloromethyl,

30 trinuoromethyl, and the like.

The term "aryr as used herein includes carhocycHc aromatic rings or ring systemic.

Examples of ar>l groups include phenyl, naphthyl, biphenyl, fluorenyl and indenyl. The

22
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term "hetcroaryr' includes aromatic rings or ring systems that contain at least one ring

hetcro atom (e.g., 0, S, N). Suitable heteroaryl groups include fiiryl, ibienyl, pyridyl,

quinoHnyl, isoquinolinyl, indolyl, isoindolyl, triazoly], pynolyl, tetrazolyl, iniidazol>'l,

pyrazolyl, oxazolyl, thiazolyl, benzofiiranyl, bcnzothiophcnyl, carbazolyl, bcnzoxazolyl,

5 pyrimidinyl» benzimidazolyl, quinoxalinyl, benzothiazolyl, naphthyiidinyl, isoxazoi^i,

isothiazolyl, purinyl, quinazolinyl, and so oa

"Hcterocyclyr* includes non-aromatic rings or ring systems that contain at least

one ring hetero atom (e.g., 0, S» N) and includes all of the fully saturated and paitially

unsaturated derivatives of the above mentioned heteroaiyl groups. Exemplary

10 heterocyclic groups include pyrrolidinyl, tetrahydrofiiranyl, morpholinyl, thiomorpholinyl,

piperidinyl, piperazinyl, thiazolidiny], isbthiazolidinyl, and imidazolidinyl.

The aiyl, hctetoaryl, and hetcrocyclyl groups can be unsubstituted or substituted by

one or more substitucnts independently selected from the group consisting of alkyl,

alkoxy, alk>'lthio, haloallQ'U haloalkoxy, haloalkylthio, halogen, nitro, hydroxy, mercapto,

IS cyano, carbo.xy, fonnyl, aryl, aryloxy, aiylihio, arylatkoxy, arylaIk>'lihio, heteroaiyl,

heteroaryloiy, heteroaryl thio, heteroaiylalkoxy, heleroarylalkylthio, amino, pJkylamino,

diaJkj'lamino, hetcroc>'clyl. heterocycloalkyi, alkylcarbonyl, alkenylcarfoonyl.

alkoxycarbonyl, haloalkylcarbonyU haloalkoxycaibonyl, alk>'lthiocQibonyI, ao'lcarbonyl,

heleroarylcarbonyl, ar>'loxycarf>onyl, heteroar\'loxycaitonyl, ar>'llhiocarbonyl,

20 heteroarylthiocarbonyl, alkanoyloxy, alkanoyllhio, alkanoylambio, arylcaronyloxy,

aiylcarbonythio. alkj'laminosulfonyl, atkylsulfonyl, aiylsulfonyl, heteroaiylsulfonyl.

ar)'ldiazinyl, alkylsulfonylaraino, arylsulfonylamino, arylalkylsulfonylamino,

alkylcarbonylamino, alkenylcarbonylamino, arylcarbonylamino, arylalkylcarbonylamino,

heteroatylcarbonylamino, heteroarylalkycarbonylamino, alkylsulfonylamino.

25 alkcnylsulfonylamino. aiylsulfonylamino, arylalkylsulfonylamino,

heteroai>'lsulfony]amino, heteroarylalkylsulfonylamino, alkj'laminocaibonylamino,

alkenylaminocaibonyiamino, arylaminocarbonylamino, arylalkylaminocarbonylamino.

heteroaiylaminocarbonylamino, heteroaiylalkylaminocaibonylamino and, in the cose of

heterocyclyl, o.xo. If other groups are described as being "substituted" or "optional^

30 substituted", then those groups can also be substituted by one or more of the above

enumerated substituents.

Certain substlments are generally preferred. For example, preferred V groups are

23
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- CO - and -SOr; Z is preferably a bond or - NR5 and Ri is preferab!>' Ci-* alk>'l, aiyl,

or substituted aiyl. Preferred R2 groups include alkyl groups having 1 to 4 carbon atoms

(i.e., methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl. and tert-butyl),

methoxyeth)'!, ethoxymethyl, and cyclopiopylmethyl. R3 and R4 are preferably methyl.

5 One or more of these preferred substttutents, ifpresent, can be present in the compounds

of the invention in any combination.

The invention is mclusive of the compounds described herein in any of their

pharmaceutically acceptable forms, iiKluding iscuners such as diastereomcrs and

enantiomers, salts, solvates, pol>'morphs, and the like. In particular, if a compound is

10 optically active, the invention specifically includes each of the compound's enantiomers as

well as racemic mixhires of the enantiomers.

Pharmaceutical Compositions and Biolorical Activity

Phannaceutical compositions of the invention contain a therapeutically effective

1 5 amouni of a compound of the invention as described above in combination with a

pharmaceutically acceptable carrier.

The term "a therapeutically efir^ctive amoiint" means an amount of the compound

sufficient to induce a therapeutic effect, such as c>TOkine induction, antitumor activity,

and/or antiviral activity. Although the exact amount of active compound used in a

20 pharmaceutical composition of the invention will vary according to factors known to those

of skill in the art, such as the physicdl and chemical nature of the compound, the nature of

the carrier, and the intended dosing regimen, it is anticipated that the compositions of the

invention will contain suflkient active ingredient to provide a dose of about 100 ng/kg to

about 50 mg,/kg, preferably about 10 pg^kg to about 5 mg/kg, of the compound to the

25 subject Any of the conventional dosage forms may be used» such as tablets, lozenges,

parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal

patches, transmucosal patches and the like.

The compounds of the invention can be administered as the single therapeutic

agent in the treatment regimen, or the compounds of the invention may be administered in

30 combination v^ith one another or with other active agents, including additi(»ial immune

response modifiers, antivirals, antibiotics, etc.
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The compounds of the invention have been shown to induce the producliun of

certain cytokines in experiments performed according to the tests set forth below, 'lliese

results indicate that the compounds are useiut as immune response modifiers that can

modulate the immune response in a number of dilTerent ways, rendering them useful in the

5 treatment ofa variety ofdisorders.

Cytokines whose production may be induced by the administration of compounds

according to the invention generally include interferon-a (IFN-a) and'or tumor necrosis

factor-a (TNF-a) as well as certain interleuldns (!L). Cytokines whose biosjuihesis may

be induced by compounds of the invention include IFN-a, TNF-a, IL-1, IL-6, lL-10 and

10 IL-n, and a variety of other cytokines. Among other effects, these and other cytokines

can inhibit vims production and tumor cell growth, making the compounds useful in the

treatment of viral diseases and tumors. Accordingly, the invention provides a method of

inducing cytokine biosviithesis in an animal comprising administering an effective amount

ofa compound or composition of the invention to the animal.

1 5 Certain compounds of the invention have been found to preferentially induce the

expression of IFN-a in a population ofhematopoietic cells such as PBMCs (pcriphcial

blood mononuclear cells) containing pDC2 cells (precursor dendritic cell>type 2) without

concomitant production of significant levels of inflammatory cytokines.

In addition to the ability to induce the production of cytokines, the compounds of

20 the invention affect other aspects of the innate immune response. For example, natural

killer cell activity may be stimulated, an effect that may be due to cytokine induction. The

compounds may also activate macrophages, which in turn stimulates secretion of nitric

o.\ide and the production of additional cytokines. Further, the compounds may cause

proliferation and differentiation offi-lymphocytes.

25 Compounds of the invention also have an efiect on the acquired immune response.

For example, although there is not believed to be any direct cJfcct on T cells or direct

induction ofT cell cj-tokines, the production of the T helper t>pe 1 (ThI) cytokine IFN-y

is induced indirectly and the production ofthe T helper type 2 (Th2) cyiokines IL-4. lL-5

and IL-13 are inhibited upon administration of the compounds. This activity means that

30 the compounds are useful in the treatment of diseases where uprcgulation of the Th 1

response and/or downregulation of the Th2 response is desired. In view of the ability of

compounds ofthe invention to inhibit the Th2 immune response, the compounds are
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expected to be useful in the treatment of atopic diseases, e.g., atopic dennatitis, asthma,

allergy, allergic rhinitis; systemic hipus eiyihematosi^ as a vaccine adjuvant for cell

mediated immunity; and possibly as a treatment for recurrent fungal diseases and

chlam>'dia.

S The immune response modifying effects ofthe compounds make them useful in

the treatment of a wide variety of conditions. Because of their ability to induce ihe

production ofcytokines such as IFN-ia and/or T>IF-a, the compounds are particularly

useful in the treatment of vnal diseases and tmnors. This immunomodulatnig activity

suggests (hat compounds of the invention are useful in treating diseases such es» but not

10 ' limited to, viral diseases including genital warts; common warts; plantar wait^ Uepatiiis

B; Hepatitis C; Herpes Simplex Vhus Type I and Type II; molhiscum contagiosum;

variola, particularly variola major, HIV; CMV\ VZV; thino>'irus; adeno\'irus; coronavims;

influenza; and para-influenza; intraeptdidial neoplasias such as cervical intraepithelial

neoplasia; human papillomavirus (HPV) and associated neoplasias; fungal diseases, e.g.

1 S Candida, aspergillus, and cryptococeal mcningilis; neoplastic diseases, e.g.. basal cell

carcinoma, hairy cell leukemia, Kaposi's sarconia, renal cell carcinoma, squamous cell

carcinoma, myelogenous leukemia, mulliple myeloma, melanoma, non-HodgIdn*s

lymphoma, cutaneous T<ell lymphoma, and other cancers; parasitic diseases, e.g.

Pneumocystis camii, cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosomc

20 infection, and leishmaniasis; and bacterial infections, e.g., tuberculosis, and

mycobactcrium avium. Additional diseases or conditions ^t can be treated using the

compounds of the invention include actinic keratosis; eczema; eosinophilia; essential

ihrombocythacmia; leprosy; multiple sclerosis; Ommcn's syndrome; discoid lupus;

Bowcn*s disease; Bowenoid papulosis: alopecia areata; the inhibition ofKeloid formation

25 af^cr surgery and other types of post-surgical scars. In addition, these compounds could

enhance or stimulate the healing of wounds, including chronic wounds. The compounds

may be useful for treating the opportunistic infections and tumors that occur after

suppression of cell mediated immunit\'in, for example, transplant patients, cancer patients

and HIV patients.

30 An amount ofa compound effective to induce cyiokine bios>'nthesi5 is an amount

sufficient to cause one or more cell types, such as monocytes, macrophages, dendritic cells

and B-cells to produce an amount ofone or more cytokines such as, for example, IFN-a,

26
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TNF-o, IL-1, lL-6, IL-10 and IL-12 that ts increased the background level of such

cyiokines. The precise amount will vaiy according to factors known in the art but is

expected to be a dose of about 100 ng/kg to about 50 mg^kg, preferably about 10 ]ie/kg to

about 5 mg/kg. The invention also provides a method of treating a viral infection in an

5 animal and a method of treating a neoplastic disease in an animal comprising

administering an effective amount ofa compound or composition ofthe invention to the

animal. An amount effective to treat or inhibit a viral infection is an amount that will

cause a reduction in one or more of the manifestations of viral infection, such as viral

lesions, viral load, rate of virus production, and mortaIit>' as compared to untreated control

] 0 animals. The precise amount will vary according to factors known in the art but is

expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ng/kg to

about S mg/kg. An amount of a compound effective to treat a neoplastic condition is an

amount that will cause a reduction in tumor size or in the number oftumor foci. Again,

the precise amount will vary according to factors known in the an but is expected to be a

1 5 dose ofabout 100 ng/kg to about 50 mg'icg, preferably about 1 0 jig/kg to about 5 mg/kg.

The invention is further described by the following examples, which arc provided

for illustration only and are not intended to be limiting in any way.

Example 1

20 A'-[4-{4-Amino-2-butyl-6J-dimethyl-

l//-imida2o(4,5-c]pyridin- 1 -yi)butyl]benzaniide

Part A

25 '1 ncthylamine ( 1 6.S mL, 1 23 .8 mmol) was added to a suspension of4-hydrDxy-

5,6.dimcthyl-3-niin)-2(lH)-pyridone (7.6 g, 41.2 mraol) in dichloromethane (200 mL).

27
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The resultuig mixture was cooled in an ice bath. Tiiflic anhydride (i 3.7 mL, 82.S mmol)

was added and the reaction mixture was stirred for 30 minutes. MoDO-/er/-

butoxycaibonyl-1 ,4-but)'Idiamine (7.6 g, 41 .2 mmol) was added in a single portion and the

reaction mixture was allowed to warm to ambient temperature. After 1 hour the reaction

S mixture was washed with aqueous I% sodium carbonate (2X 100 mL), dried over

magnesiuiD sulfate and then concentrated under reduced pressure to provide crude

producu This material was dissolved in dichloromctfaane and loaded onto a layer ofsilica

gel. The silica gel was ehited first with dicbloromefhane to remove some impurities and

then with 2-5% ethyl acetate in dtchloromeihane to recover the desired product The

10 (Tactions contain ing product were combined and then concentrated under reduced pressure

to provide 12 gof 4-({4-[0er/-butox>'caibORyl)amino]butyl}amino)-5,6>dimethyl-3-

nitrop>Tidin'2-yl triOuoromeihaoesulfonate as a light yellow oil.

PanB

The material from Part A was combined with triefhylamine C2.5 g, 24.7 mmol).

1 5 dibcn^Iaminc (4.8 g, 24.7 mmol)» and toluene (1 50 mL) and then heated at reflux for 4

hours. The reaction mixture was washed with aqueous 1% sodium carbonate and dien

concentrated under reduced pressure to provide crude product This material was

dissolved in dichloromethane and loaded onto silica gel. The alica gel was elated with 2-

20% ethyl acetate in dicMoromelhane. The fractions containing product were combined

20 and then concentrated under reduced pressure to provide -1 3 g ofl^*butyl 4-{{2>

(dibenzylamino)-5,6-dimethy]-3>nitropyridtn-4-y]]ainino}butylcaibamate.

Parte

Sodium borohydride (1.4 g, 36 mmol) was slowly added to a solution ofnickel

chloride hydrate (2.9 g, 12.3 mmul) in medianol and the resulting mixture was stirred for

25 30 minutes. A solution of the material from Part B in methanol vvas added in a single

portion. Sodium borohydride was slowly added until the foaming was colorless. The

teaction mixture was filtered. The filtrate was concentrated under reduced pressure. The

resulting residue was combined with dichloromethane and the mixture was filtered to

remove salts. The filtrate was concentrated under reduced pressure to provide '-I2 g of

30 t&i'butyl 4-{[3-amino-2-{dibenzylaraino)-5,6-dimethyIpyridin-4>

yljamino
}butylcarbamate.

2S
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PartD

Valeryl chloride (3 mL, 24.7 tnmol) was added to a solution of the material from

Pan C in acetonitrile (200 mL). The reaction mixture was stirred at ambient temperature.

The reaction mixture was concentrated under reduced pressure. The residue was

5 combined with ethanol and triethylamine (5 g, 49 mmot.)- The reaction mixture was

heated at reflux overnight and then concentrated under reduced pressure. The resulting

residue was partitioned between dichloromethane and water. The dichloromethane layer

was separated and then loaded onto a silica gel column. The column was eluted with

9:90: 1 ethyl acetate:dichlorome1hane: methanol. The fractions containing product ^'cre

10 combined and then concentrated under reduced pressure to provide 6.5 g of /ert-butyl 4-

[2-butyl-4-(dibenzylamino)-6,7-diinelhyi- 1 //-iinidazo[4,5-c|pyTidin-l -yljbutylcarbamate

as an oil.

PaitE

1 S Triflic acid (16g, 107 mmol) was added to a solution of the material from Part D

(6.5g, 1 1.4 mmol) in dichloromethane (250 mL). The resulting mixture was stiircd

overnight. Ammonium hydroxide (50 mL) and water (100 mL) were added and the

resulting mixture was stirred for 30 minutes. The layers were separated and the aqueous

fraction was extracted with dichloromethane (IflO mL). The organic fractions were

20 combined, washed with 1% aqueous sodhim carbonate, washed with brine ond

concentrated under reduced pressure. The residue was combined with methanol (30 mL)»

stirred for 30 minutes and filtered. The filtrate >vas concentrated under reduced pressuie

and the resulting residue was combined with 1% aqueous sodium carbonate and stin'cd.

The mixnire was extracted with hexane to remove organic impurities. Tlie aqueous layer

25 contained an insoluble oil that was extracted with dichloromethane. The organic layer was

combined with magnesium sulfate, stirred for 5 minutes and filtered. The filtrate was

concentrated under reduced pressure to provide a solid which was recrystaliizcd from

toluene to provide Ig of l-(4-aminobutyl)-2-butyl•6,7•dimethy]-l/Ai^lidazof4,5-

c]pyridin-4-a^1ine.

30
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PaitF

Triethylamine (0.07 mL, O.S mmol) was added to a solution of l-(4-aininobutyl)-2-

but>'l-6Jsiimeth>i-l//-imidazo[4.5-c]p>-ridin-4-aminc (150 ni& 0.5 mmol) in

dichloromcthanc (1 50 nil). The isaction mixture was cooled in an ice bath. Benzoyl

5 chloride (0.07 mL. 0.5 mmol) was added and the reaction mixture was removed from the

ice bath. The reaction mixture was wadied twice with water and then concentrated under

. reduced pressure. The resulting residue was purified by flash chromatography eluting

wtdi 10% methanol in dichloromethane to provide an oily brown material. This material

was dissolved in a minimum amount of isopropanol and then ethanesulfonic acid (55 mg.

10 0.5 mmol) was added with stirring. The reaction mixture was stirred at ambient

temperature for -1 hour and then heated briefly in a sand bath until it became

homogeneous. The solution was allowed to cool to ambi^m'temperature and then was

chilled in an ice bath. The resulting precipitate was isolated by filtration to provide 1 1

1

mg of A'^[4-(4-amino-2-butyl-6,7-dimethyl-l//-imidazo(4,5-cJpyridin- 1-

1 5 yl)butyl]bcnzamide as a cr>'stalline solid, m.p. 127.8-1 28.8^.

Anal>'sis: Calculated for C;3H3iN30: %C, 70.20; %H, 7.94; %N, 17.80; Found: %C.

69.82; %H, 7.70; %N, 1 7.68.

20 Example 2

A-[4-(4-Amino-2-butyl-6,7-dimethyl-

lff-imida2o[4.5-f]p>'ridin- 1 -yl)butyl]meihanesulfoDamide

NH.

25 Triethylamine (0.07 mL, 0.5 mmol) was added to a solution of lH(4-aminobutyl)-2-

butyt-6,7-dimethyl-l//-imidazo[4,5-c]p>'ridin-4-aminc (150 mg, 0.5 mmol) in

dichloromethane (160 mL). The reaction mixture was cooled in an ice bath.
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Methanesulfonic anhydride (90 mg, 0.5 mmol) was added and the reaction mixture was

removed ftom Qx ice balh. The reaction mixture was stiired for 35 minutes. 'ITie reaction

mixture was washed three times with \i'aier, concentrated under reduced pressure, and

triturated with e minimum volume ofmethyl acetate. The resulting ciystalJinc solid was

isolated by filtration and then dried in an Abderiialdeii drying apparatus to provide 94 mg

of^-l4-<4-amino-2-hutyl-6,7-dimethyl-l//-imidazo[4,5-c]pyridin-l-

yl)butyl]methanesulfonamide,m.p. 130-1 SO.S'C

Analysis: Calculated for CjtHisKjOiS: %C, 55.56; %H, 7.95; %N, 19.06; Found: %C»

55.37; %T1,7.S9;%N. 18.03.

Example 3

A?-[4-(4-Amino-2-buiyI-6,7-dimcthyM//-imida2o(4,5-c]pyridin- 1 -y1)bulyl]-

4-11uorobenzenestt!fonamide Hydrate

F

Triethylamine (0.07 mL 0.5 mmol) was added to a solution of l-(4-aminobutyl)-2-

butyl-6,7-dimeihyl-l//.imidazo[4,5-c]pyridia-4-aminc (150 mg, 0.5 mmol) in

dichloTomcthaiic (1 50 mL). The reaction mixnjre was cooled in an ice bath. 4-

Fluorobenzenesulfonyl chloride (1 1 3 mg, 0.5 mmol) was added and the reaction mixture

was removed from the ice bath. The reaction mixture was stirred at ambient temperature

for 48 hours. The reaction mixture was washed with water {2 X 150 mL) and then

concentrated under reduced pressure. The resulting residue was recrystallized from

methyl acetate and then dried in an Abderhalden drying apparatus to provide 50 mg ofN-
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[4-(4-amino-2-but}'l-6,7-dimethyl. ] //-imkiazol4,5-clpyridin- 1 -yI)buiyl]-4-

fluorobenzenesulfonamide hydrate as a white ciystalline solid, m.p. 1 33.1 -133.7^.

Analysis: Calculated for CzzHsoFNjOiS H2O: %C. 56.75; %H, 6.93; %N, 15.04; Found:

%C, 56.99; %H, 6.58; %N. 15.24.

5

Example 4

//-[4-(4-Ainino-2-butyl-6,7-dimcthyl- l//-imida2o(4,5-c]p>'ridin- 1 -yl)butyl]-

V-phen>1urea

10

Phenylisocyanate (0.056 mL» 0.5 mniol) was added to a chilled solution ofof 1 -{4-

aminobuiyI)-2-butyl-6J-dimethyl-l//-iTnidazol4.5-c]pyridin-4-amme (1 50 mg, 0.5 mmol)

in dicbloromethane (150 itiL). The ice bath was removed. A white precipitate foiroed

after 5 minutes. The rc-actioii mixture was allowed to stir for 30 minutes and then it was

1 5 concentrated under reduced pressure to pT0\'idc an ofT-white crystalline solid. This

material was isolated by filtration using a small amount of diethyl ether to transfer the

materia) to the filter and dien dried in an Abderhalden drying appatatus to provide 1S5 mg

ofA^44K4-amino-2-butyl-6,7-dimeihyl-ljtf-imidazo[4,5-c]pyridin-l-yl)bulylJ-.V-

phenylurea, m.p. 1 95 .S- 1 96.8'C,

20 Analysis: Calculated for CzjHaaN^O: %C. 67.62; %H, 7.89; %N, 20.57; Found: %C.

66.S4;%H. 7.71; %N. 20.54.
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Example 5

A'-t4-<4-Amin(>-2-butyI-6J-dimethyI-li/-imidazo[4,5-clpyridiD-l-yI)bu

A'^-phenylthiourea Hydrate

5

Using the method of Example A, l-<4-aminobutyI)-2-butyl-6,7-dimethyH/f-

imidazo[4,5-c]pyridin->4-ainine (100 mg, 0.35 irunol) was reacted with

phenylisothiocyanate (0.041 mL, 0.35 mmol) to provide 97 mg of A^-[4-(4-amino-2-butyl-

1 0 6,7-dimeihy]- 1 //-imida3o(4,5.c]pyridiii- 1 -yl)butyl]-7»^-phenylthiourea hydrate as a white

crystalline solid, (n.p. 160.0-160.S'*C.

Analysis: Calculated for C23H32N6S • H:0: %C, 62.41; %H, 7.74; %N» 18.99; Found: %C,

62.39; %H, 7.47; %N, 18.52,

15 Example 6

^-f4-(4-Amino-2-butyl-6,7-dimethyM//-imida2oI4,5-c]pyiidin- 1 -yl)hutyl]-

A'iiV-dimethylsuIfamide
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Triethylamine (0.031 mL, 0.23 mmol) was added to a solution of l-(4-

aininobutyl)-2-butyI*^,7-dimeihyl-]/Aimidazo[4,5-c]p>Tidin^ (67 mg, 0.23 nunol)

in dichloromcthane (45 mL). The reaction mixture was cooled in an ice bath.

Dimethylsulfamoyl cbioride (0.025 mU 0.23 mmol) vm added. The reactioQ mixture was

5 removed from die ice bath. The reaction mixture was allowed to stir at ambient

temperature for -1 13 hours. Analysis by HPLC indicated that the reaction was not

complete. The dichloromethane was removed under reduced pressure. 1^-

Dichloroethane (50 mL) was added and the reaction mixture was heated to After 3

hours, more dimethylsulfamoyl chloride (2"5 pL) was added and heating was continued.

1 0 After 22 hours the reaction temperature was raised to reflu.x and the reaction mixture was

refluxed for 100 hours. The reaction mixture was extracted nvice with vk'ater. The

aqueous fractions were combined and concentrated under reduced pressure. The resulting

residue was recrystallized from methyl acetate to provide 10 mg of/V-[4-{4-amino-2-

butyl-6,7H]imethyl-l//-imidazo[4.5<|pyridin-l-yl)hatYl]-/^^-dimediylsul^ as an

1 5 off-white crystalline solid, m.p. 1 29.5-1

3

\K. M/Z = 397. 1 (M + H)*.

Example 7

,V-[4-(4-amino-2,6»7-trimcthyI-

20 l//-imidazo[4,5-t]pyridin- 1 -yl)bulyl]melhaiiesulfonamide

PartA

A mixture of 5.6-dimethyl-3-nitropyridine-2,4-diol (60.0 g, 326 mmol) and

25 phosphorus oxychloridc (600 mL) was heated at reflux for 2 hre. The reaction mixture

was concentrated under reduced pressure. The resulting residue was combined with ethyl
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acetate (300 mL) and then filtered. Hie filtrate was washed with aqueous sodium

bicatbonate solution. The layers were separated and aqueous layer was extracted twice

with eihyl acetate. The organic layers were combined, dried with magnesium sulfate and

then concentrated under reduced pressure to provide a brown solid. This material was

5 purified by chromatography (silica gel eluting with 60/40 ethyl acctate/hexancs) to provide

55 g of2»4-dichloro'5,6-dimethy]-3-nih^pyridine.

PaitB

r^rr-butyl 4-aminobutylcarbamate (60 g» 339 mmol) was slowly added to a

mixluie of 2,4-dichlDr{>-5,6-dimelhyl-3-nitropyridine (50 g, 226 mmol), anhydrous N,N-

10 diiuethylfomianiide (500 mL) and trieihylaminc (50 mL, 339 mmol). The reaction

mixture was allowed to stir overnight and then it was concentrated under reduced pressure

to provide an oil. The oil was dissolved in ethyl acetate and then washed with water. The

organic layer was dried over magnesium sulfate and then concentrated under reduced

pressure to provide a dark oil. This material was purified by colunui chromatography

1 5 (silica gel eluting with 40/60 ethyl acetate/he.xflnes) to provide 64.5 g of /erT-butyl 4-(2-

chloro-S,6-diinethyl-3>nitropyridin4-yl)butylcaTbainate as a bright orange oil which

solidified on standing.

Parte

A solution of phenol (1 8.50 g, 196 mmol) in digtyine (SO mL) was slowly added

20 dropwise to a chilled (0*C) suspension of sodium hydride (8.28 g of60% in mineral oil,

207 mmol) in diglyme (50 raL). After 1 hr gas evolution ceased. A solution of /err-butyl

4-{2-chloro-5,6-diraethyl-3-nitropyridin-4-yl)butyIcarbamate (68.95 g, 185 mmol) in

diglyme (200 mL) was slowly added dropwise to the reaction mixture. After the addition

vm complete the reaction mixture was heated at reflux for 4 lus. Tlie reaction mixture

25 was concentrated under reduced pressure to provide a black oil. The oil was dissolved in

ethyl acetate and then extracted with IN sodium hydroxide to remove excess phenol. The

organic layer was dried over magnesium sulfate and then concentrated under reduced •

pressure. The residue was purified hy chromatography (silica gel eluting with 30/70 ethyl

acetate/hexanes) to provide 40.67 g of /er/-biityl 4-[(2,3-dimcthyl-5-nilro-6-

30 phenoxypyridin-4.yl)aminoJbutylcarbamate as an orange oil.
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PartD

Ter^bai>i4-[(2,3-dimethy]-S-nitn>-6-phenoxypyridm-4-^

(9.!7 g, 21.3 mmol), toluene (50 mL), isopropanol (5 mL) and 5% platinum on carbon (7.0

g) were combined and maintained under hydrogen pressure (SO psi, 3.S Kg/cm') overnight

on a PaxT apparatus. The catalyst was removed by filtradon and the nitrate n-as

concentrated under reduced pressure. The resuhing brown oil was dried under high

vacuum to provide 7.47 g of ;err-but5,'l 4-((3-amino-5,6-dimethyl-2-phenoxypyridin-4-

y1)aniino]butylc8ibainate.

PartE

A mixture of the material from Part D» tiiethyl oithoacetate (3.59 mL, 19.5S

mmol), anhydrous toluene (75 mL) and pyridine hydrochloride (0.75 g) was heated at

reflux for 1 hour and then concentrated under reduced pressure to provide a browm oil.

The oil was dissolved in ethyl acetate and dien washed with water (X2), washed with

brine, dried over magnesium snliate and (hen concentrated under reduced pressure to

provide 6.74 g of/^rf-buiyl 4-<2.6,7-ttimethyI-4-phenoxy-l/f-imida2ol4,5-clpyridin-I-

yl)but>'lcarbamate as abn)\Mi oil.

PortF

A solution of /err-butyl 4"(2,6,7-trimethyl-4-phcnoxy-l//-imtdazo[4,5-c]pyridin-l-

yl}butyk:arbamate (6.70 g, 15.8 mmol) in dichloromethane (50 mL) was slowly added to a

chilled (0°C) mixture oftrifluoroacettc acid (60 mL) and dichloromethane (100 mL). The

reaction mixture was allowed to warm to ambient temperature and then left overnight.

The reaction mixture was concentrated under reduced pressure to provide a bro^-n oil.

The oil was dissolved in dichbromethane and the solution was made basic (pH 14) with

5% aqueous sodium hydroxide. The layers were separated and the aqueous layer was

extracted with dichloromethane. The organic layers were combined, dried over

magnesium sulfate and then concentrated under reduced pressure to provide 4.50 g of4-

(2,6,7-trimcthyM-phenoxy-li/-imidaa)l4,5-c]pyridin-l -yl)butylamine as a brown oil.

PortG

A mixture of the material from Part F, triethylaminc (2.0 mL, 14.6 mmol) and

anhydrous acetonitrile (450 mL) was heated until a homogeneous solution was obtained.

Methanesulfonic anhydride (2.54 g, 14.6 mmol) was slowly added to the reaction mlxmrc.

The reaction wasjudged to be complete in 10 minutes. The reaction mixture was
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concentrated under reduced pressure to provide a brown oil The oil was dissolved in

dicblorotnethane and was washed with 5% aqueous sodium hydroxide. The aqueous layer

was separated and then extracted with dichloromethane. The organic layers were

combined, dried over magnesium sulfate and then concentrated under reduced pressure to

5 pio\'idc a brown solid. This material waa purified by column chromatography (silica gel

eluting with 95/5 dichloromethane/inethanol) to provide AA9 g of iV-[4-{2,6,7-trimethyl-4-

phenoxy-l/f-imidazo[4,5-c]pyiidiii-I-yl)butyI]methanesuIfonamide as a light brown solid.

PaitH

.V-f4-(2,6,7-trimeth>'I-4-phenoxy- 1 //-imidazo[4,5-c]pyridin- 1 -

10 yl)butyl]methanesulfonamide (4.20 g, 1 0.4 mmol) and ammonium acetate (42 g) were

combined and then heated in a sealed tube at 1 50T for 56 hrs. The reaction mixture was

allowed to cool and then it was dissolved in chloroform. The solution was extracted with

10% aqueous sodium hydroxide solution. 'Hie aqueous layer was separated and then

extracted multiple times with chlorofonn. The organic layers were combined, dried over

1 5 magnesium sullhte and then concentrated under reduced pressure to provide a yellow oil.

The oil was dissolved in methanol and combined with IM hydrochloric acid in dietliyl

ether (10.4 mL). The resulting white precipitate was isolated by filtration and dried. The

solid was dissolved in water and the solution was adjusted to pH 10 with solid sodium

carbonate. The resulting white precipitate was isolated by filtration, washed with diethyl

20 ether and then dried in a vacuum oven at WC to provide 2.00 g ofA^-l4-(4-amino-2,6,7-

trimethyl-l//-imida2o[4,5-c)pyridin-l -yl)butyl]methanesulfonamide» m.p. 228'230'*C.

Analysis: Calculated for ChHjsNsQsS: %C, 51.67; %H, 7.12; %N, 21.52; Found: %C,

51.48; %H, 6.95; %N. 21.51.
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Example 8

N- {4H[4-amiiich-2Kcthox)TncthyI)-6,7-<iuneihyi-

lf^imidazo[4,5<]pyridiIhi•yl]butyl)methaneslllfonaIDide

NH

o=s=o

5

Part A

Triethylamine (3.3 mL, 23.7 mmol) was added to a chilled (OX) mixture of /€r/-

butyl 4-{(3-airano-5,6-dimcthyl-2-pheiioxypyiMiii-4-yl)amino]butyl^ (8.60 g,

21.5 mmol) and aiih>'drous dichloromethane (200 mL). Elhoxyacetyl chloride (2.76 g,

10 22.5 mmol) was added. After one hour the reaction mixture was allowed to warm to

ambient temperatureand stuied for 2 hours. The reaction mixture vas concentrated under

reduced pressure to provide tett-huty] 4<{3-[(ethoxyacetyl)amino}-5,6-dimethyl-2-

phcDox>'pyTidin-4-yl}ainino)but>'lcarbamate as a bro^n oil. The oil was combined with

pyridine ( 1 30 mL) and heated at reflux overnight The reaction mixture was concentrated

1 5 under reduced pressure to provide a brown oil. The oil was dissolved in dichloromethane

and was washed with water. The organic layer was dried over magnesium sulfate and then

concentrated under reduced pressure. The residue was dissolwd in diethyl ether and then

concentrated under reduced pressure to provide 8.21 g of ferr-buiyl 4<[2-(ethQxymethy])-

d.T-dimethvM-phenoxy- 1 //-imidazo{4,5-c]p>'rtdin- 1 -yljbutylcaifoamate.

20 PaitB

Using the method ofPart F ofExample 7, the material from PartA was hydrolyzed

to provide 5.76 o of 4-[2-(elhoxymethyl)-6,7-dimethyI-4-phenoxy-l//-imidazo[4,5-

c]pyridin-l -yl]butan-l -amine as a brown oil.

Parte

25 Using the method of PartG of E.\araple 7, 4-[2-(ethoxyraethyI)-6,7-dimethyl.4.

phenoxy-l//-imida2o[4,5-c}pyridin-l-yl]butan-l'amine (5.52 g, 1 5.0 mmol) was reacted
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with methanesulfonic anhydride (2.74 g, 15.7 mmol) to provide 6.26 g ofAr-{4-[2-

(ethoxynicthyl)-6,7-tliniethyI-4-phcnoxy-l//*iinidazo[4,5-c]pyridii)-l-

yl]butyl}methanesulfona[nide as a brown solid.

PartD

5 Using the general method of PartH of Example 7, A'- {4-[2-{clhox}'niethyl)^,7-

dimcthyl-4-phenoxy-l//-imidazo[4,5-c}pyridin-l -yt)butyl}methanesulfonaniidc (5.86 g,

13.1 mmol) was amitiated to provide 1 .58 g ofN- {4-{4-araino-2-(ethoxymethyl)-6,7-

diraethyl-l//-iiiudazo[4,5-c]pj'ridin-l-yl]but}1}meihanesulfonainide as a white solid» m.p.

165-16re.

10 Analysis: Calculated for Ci6H:7NsOjS: %C, 52.01; %H, 7.37; %N. 18.95; Found: %C,

51.83; %H, 7.39; %NM8.88.

Example 9

N-[4-(4-Amino-2-but3'l-6,7-dimethyl-l//-iniidazo[4,5-cJpyiidin-l-yl)butyl]-4-

1 5 [[2-(dimethylainino)ethoxy](phenyl)methyl]ben2ainide

20 PartA

Under a nitrogen atmosphere, 4-{2-butyl-6,7-dimcthyM-phenoxy-l//-imida2o[4,5-

c]pyiidin-l-yl)butan-l -amine (122 mg, 0.33 mmol) was dissolved in dichloromcthano and

triethylamine (0.093 mL, 0.67 mmol). The solution was cooled in an ice-water bath and 4-

25 l[2-(dimcthylamino)cthoxy](phenyl)methyl]benzDyI chloride (106 rag, 0.33 mmol) was
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dissolved'slunied in dichloromethane and added dropwise. The ice bath was removed and

the reaction was stirred for an additbna] 16 hours. The reaction was quenched with 10%

aqueous sodium carbonate. The phases were separated and the aqueous fraction was

extracted with dichloromethane. The organic fiactions were combined, washed with water

5 followed by brine, dried (Na^SO^ decanted and evaporated to yield a yellow oil.

Purification by flash column chromatography (silica gel, 92:8 dichloromethane/methanoJ

gradient to 95:5 dichlon>methane/methano])pronded 101 mgof N-[4-(2-butyl-6,7-

dimethyl-4-phenoxy-li/-imida2o[4.5-c]pyridin-l-yl)biityll-4-I[2-

(dimcthylamino)cthoxy](phenyl)mcihyI]benzamidc as a pale yellow solid. The product

1 0 was determined to be 97+% pure by HPLC.

MS(CI): 64S(M+H).

PartB

N-(4-{2-Buiyl-6,7-dimeihyl-4-phenoxy-l//-imidazoI4,5-c]pyridin-l-yl)butyl)-4-

[[2-(dimethylamino)ethoxy](phenyl)methyI]benzamide (101 mg, 0.1 6 mmol) and

1 5 ammonium acetate (1 . 1 g) were placed into a pressure tube along with a stir bar. The tube

was sealed and heated at ISO^C for 16 hours. The reaction was cooled to room

temperature and diluted with water. The resulting cloudy aqueous mixture was made

basic with 10% aqueous sodium hydroxide and extracted with chloroform (3 x 25mL).

The combined organic fractions were washed with water followed by brine, dried

20 (Na2S04), decanted and evaporated to provide a yellow oil. Purification by flash cohmnn

chromatography (silica gel, 95:5 dichlororaethane/methanol gradient to 9:

1

dichloromeihane/methanol and fmally 94:5:1 dichloromethane/methanol/tricthylamine)

provided 14 mgofN-(4-(4-amino-2-butyl-6,7-dimethyH//-imidazol4^-c]pyridin-l-

yl)but>0]>4-[[2-(dnnethylamino)ethoxy](phEnyl)methyl]ben2amide as q yellow oil.

25 'H-NMR (500 MHz, DMSO-d^) 5 8.41 (t, J = 5.5 Hz, IH), 7.76.(d, J = 8.3 Hz. 2H); 7.43

(d, J - 8.3. 2H), 7.37-7.31 (m, 4H), 7.26-7.22 (m, IH), 5.84 (bs, 2H), 5.52 (s, IH), 4.22 (t,

J = 7.7 Hz, 211), 3.49 (t, J = 5.8 Hz, 2H), 3.29 (dd, J = 6.4. 12.4 Hz, 2H), 2.76 (t, J = 7.7

Hz. 2H), 2.58 (t, J = 5.7 Hz. 2H), 2J2 (s, 3H), 2.27 (s» 3H), 2.22 (s, 611), 1 .73- 1 .65 (m,

4H), 1 .61-1 .55 (m, 2H), 1.35 (sextet, J = 7.4 Hz, 2H). 0.S6 (l, J = 7.4 Hz, 3H);

30 ''C-NMR (1 25 iMHz, DMSO-d«) 5 165.9. 153.0. 148.1. 145.4. 142.0. 138.6, 133.5,

128.23, 127.4, 127.3, 127.1, 126.4, 126.1, 124.5, 103.0,82.0,66.3,58.0.45.2.43.6.38.4,

29.3, 28,8, 26.1, 26.0. 21.7, 21.0, 13.6, 12.2.
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HRMS (CI) m/e 571.3763 (M+H), (571.3761 calcd for CJ4H47N6O2, M+H).

C\TOKINE INDUCTION IN HUMAN CELI^

5 An in vitro human blood cell s^'stem is used to assess cytokine induction. Activity

is based on the measurement ofinterferon (a) and tumor necrosis factor (a) (IFN and

TNF, respectively) secreted into culture media as described by Testciman et al. In

''Cytokine Induction by the Immunomodulators Imiquimod and S'27609", Journal of

Leukocyte Biology, 58, 365-372 (September, 1995).

10

Blood Cell Preparation for Culture

Whole blood from healthy human donors is collected by venipuncture into EDTA

vacutainer tubes. Peripberal blood mononuclear cells (PBMCs) are separated from whole

blood by density gradient centrifugation using Histopaque®-1077. The PBMCs are

15 washed twice with Hank's Balanced Salts Solution and then are suspended at 3-4 x 10^

cells/mL in RPMl complete. The PBMC suspension is added to 48 well flat bottom sterile

tissue culnire plates (Costar, Cambridge, MA or Becton Dickinson Labware, Lincoln Park,

NJ) containing an equal volume ofRPMI complete media containing test compound.

20 Compound Preparation

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DKISO

concentration should not exceed a fmal concentration of \% for addition to the cuUure

wells. The compounds are generally tested at concentrations ranging from 0.12 to 30 ^M.

25 Incubation

The solution oftest compound is added at 60 pM to die first well containing RPMI

complete and serial 3 fold dilutions arc made in the wells. The PBMC.suspension is then

added to die wells in an equal volume, bringing the test compound concentrations to the

desired range (0.12 to 30 fiM). Tlie final concentration ofPBMC jmspension is 1.5-2 X

30 1
0*" cells/mL. The plates are covered with sterile plastic lids, mixed gently and then

incubated for 18 to 24 hours at 37'*C in a 5% carbon dioxide atmosphere.
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Separarion

Following incubation the plates are centrifbged for S-10 minutes at 1000 ipm

(-200 X g) at 4*'C. The cell-free culture supernatant is removed ^^itli a sterile

poi>'propylene pipcl and trassfeired to sterile po!>inopylene tubes. Samples are

S maintained at -30 to -70°C until anal>'sis. The samples are analyzed for interferon (a) and

for tumor necrosis factor (a) by ELISA

Interferon fa) and Ttomor Necrosis Factor (a) Analysis bv ELISA

Interferon (a) concentraiion is determined by ELISA using a Human Multi-Species

10 kit from PBL Biomedical Laboratories, Mew Brunswick, NJ. Results are expressed in

pg/mL

Tumor necrosis factor (a) concentration is determined using EUSA kits available

from Gcn2ynie, Cambridge, MA; R&D Systems. Minneapolis, MN; or Pharmingen, San

Diego, CA. Results are expressed in pg%L.

15

The table below lists the lowest concentration found to induce interferon and the

lowest concentration found to induce tumor necrosis fiictor for each compound. A

indicates that no induction was seen at any ofthe tested concentrations.

20

Cytokine Induction in Human Cells

Example

Number

Lowest Effective Concentration (uM)

Interferon TXimor Necrosis Factor

0.12 111

0.0046 0.01

0.01 0.37

0.12 0.37

0.01 0.12

6 0.O1 0.01

0.37 *

S 0.04 10
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The pTesent invention bfts been described with lefetence (o several embodiments

thereof! The foregoing detailed description and examples have been provided for clarity

of understanding only, and no unnecessary limitations are to be nnderstood therefrom. It

will be apparent to those skilled in the art that many changes can be made to the described

embodiments without departing from the spirit and scope of the invention. Thus, the

scope of the invention should not be limited to the exact details ofthe compositions and

structures described herein, but rather by the language of tihe claims that follow.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

^ 1. Acozi^imdafthefonnuIa(I):

as
cn
(N
CMOo

Z-R,

0)

wliaem X is alkylene or Elkenylene;

YM-CO-,-CS-.or-SOr-;

Z is a bond, -0-. -S-. or -NRs-;

Ri is ajyU heteroaiyl, heterocyclyl, Ci.2o alkyl or

Cz-jo aDceny!, each ofwhich may be unsubsdtutBd or substituted by ous or more

sabstitDeots tnd^)eDdcntly selecied torn die gR>pp consisting of:

-alkyl:

-aUceoyl;

-aryl;

Jieteroaryl;

^letenwyclyl;

-substituted cycIoaDcyl;

-0-aIkyl;

-<Kalkyl)o.,-atyl;

-0-(aIk5i)(M-hcteroaryl;

0(aJ)cyl)w-hcterocycIyI;

-COOH;

-CO-O-alkyl;

-CO-alkji;

^0)<M -alley!;
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-S(OV2-(alkyI)o-i-aryl;

-S(0) o.2-(alkyl)o.|-hcleroaryl;

-S(0) o.2-(alkyl)o.i-heterooyclyl;

-(alkyl)o.rN(R5)2;

-(alkyl)o.rNR5-CO-0-alkyl;

-(alkyl)o-,-NR5-CO-alkyl;

-{alkyl)o.i-NRs-CO-aryl;

-(alkyl)o.i-NRs-CO-hcicroaryl;

-halogen;

-haloalkyi;

-haloalkoxy;

-CO-haloalkyI;

-CO-haloalkoxy;

-NO2;

-CN;

-OH;

-SH; and in the case of alky), alkenyt, and heterocyclyl, 0x0;

R2 is selected from the group consisting of:

-hydrogen;

-alkyl;

-alkenyl;

-alkyl-0-alkyl;

-alkyl-S-alkyI;

-alkyl-O-aryl;

-alkyl-S-aryl;

-alkyl-O-alkenyl;

-alkyl-S-alkenyl; and

-alky] or alkenyl substituted by one or more substituents selected irom the

group consisting of:

45
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I

VOO -OH;O
-halogen;

o -mihi

^ -CON(R5)2;

O 5 .CS-N(Rj)2;

-S02-N(R5)2;

^ -NRs-C(>C,.,oalkyl;

-NRj-CS-Cioalkyl;

?J -NRj-S02-Ci.iaalkyl;

O 10 -CO-Cioalkyl;O
-CO-0-C|.io alkyl;

-N3:

aiyl;

-hcteroaryl;

15 -heCerocyclyl;

-CO-aryl; and

-CO-heteroaryl;

R3 and Ri arc independently selected from the group consisting of alkyi,

alkeny), halogen, alkoxy. amino, alkylamino, dialkylamino and alkylthto;

20 each R5 is independently H or Ci.ioalkyl;

or a phannaceutically acceptable salt thereof.

2. A compound or sail of claim 1 wherein Y is -CO- and Z is a bond.

25 3. A compound or salt ofclaim I wherein Y is -CO- and Z is -NR5-.

4. A compound or salt ofclaim 1 wherein Y is -SO2- and Z is a bond.

5. A compound or salt ofany one of claims 2, 3. or 4 wherein R| is alkyI or aryl.

30

6. A compound or salt of claim 1 wherein R} is H, alkyI or aIkyl-0-alkyl.
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Q 7. A compound or salt ofclaiml wheretoX is Ci^ alkylene.

8. A compouDd or salt ofclaim 1 v^ierein Rj andR4 are tndepeiidentlyK or alkyL

r-

m 9' A phannaeeulic&l composition coiDprisini; a

^ compound or sale ofanyone ofclaims t through 8 in combination with a

fS) pbuxnaceutically acceptable canter.

CM
10. A metiiiod ofinducing cytokine bioBynthcsis in an animal ooniprising

admimatBiizig a thcrapeuticaUy effisctive amount ofa componnd or salt ofany one of

daims I throu^ 8 to the animal

1 1. A con^und ofthe fonxntla (U):

(DO

wherein: X is alkylene or fllfceny!ene;

Ri is selected from the group consisting of:

4iyiIiogen;

-alkyl;

•aikenyl;

-alkyl-OaUcyl;

-alkyl-S-aJkyl;

-alkyl-aaiyl;

-allcyl-S-aryl;

^7
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-alkyi-S^coyl; and

-alkyl 01 aUcenyl substituted by one or more substitneois selected

&om tbe ffwp consisting of:

-OH;

-halogen;

-N(R,)2;

CO-N(R5)2;

-CS-N(R5)2;

-NRrCO-Ci.joaIkyi;

-NRrCS-Cnoalkyl;

-NRj-SOrQooaJJcyi;

-CO-Cmo aCcyl;

-CO-OCmo alkyl;

-aryl;

-heteroaryl;

-heterocydyl;

-COaryi; and

-COheieroaxyl;

R3 Md B« are iDdepcodently selected j&cni tbe group coosisting of aJkyI,

Blktnyl, halogesi, alkoxy, smino, alkylamino, dialkyUmino and alkylthio; and

each Rs u independentlyH or Cmo alk^

or a {Aannaceatically acceptable salt Chfreof.
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12. A compound according to claim I or 11 substantially as herein described with

reference to any one of the Examples.

DATED: 17 December 2004

PmLLIPS ORMONDE & FITZPATRJCK

Attorneys fon

3M Innovative Properties Company
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